SYNOPSIS One hundred and seventy-four patients with a posterior communicating aneurysm were seen over a 21 year period. There was a ratio of four females to one male and women were on average five years older. 
Enlargement of an aneurysm of the posterior communicating artery may cause an isolated painful third nerve palsy. More 1   59   5   8 5  115  56  48-7  2  39  1 7  43-6  39  28  718  3  14  12  85 7  7  4  57-1  4  3  3  1000 ---palsy irrespective of age had a significantly greater number of attacks than those without (x2 = 5 5, n = 1, P < 002). The mortality altered significantly with each attack, rising from 19 8 per 100 for patients who had one, to 66-7 per 100 for those having four attacks (X2 = 6-4, n = 2, 0 05, P < 0 02). (Table 3) , and this increased significantly the mortality risk. Patients who were never unconscious had a death rate of 13-5 per 100 and those who were, one or more times, a rate of 37 per 1oo(X2 = 10-7, n= 1, P < 0 001). Fourteen patients with a palsy (three with their fourth attack), and nine without, had a coma with headache after admission to the Infirmary.
Eleven patients (19%) with a palsy and 68 (590%O) without were admitted to the Infirmary within seven days of the onset of the first attack of pain, while 21 patients (36%) with and 16 (14%) without palsy were not admitted for over four weeks. There was then an average wait of four days for angiography, of 8-9 days for surgery, and a total stay in the Infirmary of 27-9 days for those who survived. There was no significant difference in these average times for the palsied or the non-palsied groups, and the delay between the first attack of pain and surgery was significantly greater for those people with a palsy than for those without (t=3-07, P<0001). For all number aneurysms group.bmj.com on November 8, 2017 -Published by http://jnnp.bmj.com/ Downloaded from sample because the palsy groups occur in similar proportions and age distribution. Fifty per cent of patients with a palsy had aneurysms greater than 11 mm in length or width, while only 15% of the others had aneurysm of this size (Fig. 2) . On these data the difference is significant (X2 = 99, n= 2, P<001).
The number of loculi of the sac was given in 71 reports, so this was known in 118 cases (Table 5) . Patients with a palsy had aneurysms with significantly more loculi than those without (x2= 16 1, n = 2, P < 0 01), but there was no significant correlation of the number of loculi with age, or with the number of attacks of pain.
Nine (50 %) of the aneurysms were bilateral, 36% left, and 590 0 right sided (Table 6 ). However, in those under 55 years of age, 31 0 were left sided and 69% on the right, while over 55 years, 550 0 were left and 4500 right sided. This is a significant difference (X2 = 8 5, n = 1, P = 0 003), and suggests a changeover with age. At all ages mortality was unaffected by the side involved.
Of the 59 patients with a palsy, six died before treatment, three were discharged without operation, and 13 had a carotid ligation. Thirty-seven underwent a craniotomy and 1 of these died within a few weeks, leaving a possible 26 for follow up. Five of them had died of unrelated causes, two were living abroad, and one was untraced.
Of 63 patients without a palsy who underwent a craniotomy, nine patients (five women and four men) who had small aneurysms which ruptured during operation developed a palsy which was noticed immediately after operation. One died within a few days of operation and another four years later.
FOLLOW-UP Twenty-five patients with a follow-up time of 2 to 18 years were seen personally and had a full orthoptic examination (Table 7) . Of the 18 people who had a preoperative palsy, only four had fully recovered; the palsy had been present for less than 10 days before operation and recovery, which started with lessening ptosis, had begun within a few weeks. In the 14 other patients a preoperative palsy had been present for longer than 10 days and first signs of recovery were delayed for several weeks or months. Of these people six had slight and eight gross residual defects, but only two had troublesome symptoms. Twelve of them had occasional diplopia, and three had developed compensatory head tilts.
Aberrant regeneration was obvious in nine of this group, all of whom had their operation four or more years earlier. All showed mass contraction in which the eye adducted on attempted elevation, three showed the pseudo-Graefe sign, and three had other abnormal lid movements, but in no case was an Argyll Robertson reaction found.
Of the seven patients seen who developed a palsy after craniotomy, recovery had started within a few days of operation and in five it was complete within a year. One patient had slightly restricted elevation of the eye, and one, who had occasional symptoms, had gross residual defects and signs of aberrant regeneration.
DISCUSSION
Aneurysms of the actual posterior communicating artery are rare (Alpers and Schlezinger, 1949; Madow and Alpers, 1953) . However, the term includes those aneurysms which arise from the carotid artery at or near its junction with the posterior communicating artery (Dandy, 1944) , and it has long been known that they can cause an oculomotor paralysis (France, 1846; Hutchinson, 1875; Beadles, 1907; Symonds, 1923) (Fig.  3) Harris and Udvarhelyi (1957) , 54%0 of Henderson (1955) , or the 56% of Hamilton and Falconer (1959) .
An isolated third nerve palsy can be caused by diabetes mellitus, trauma, or neoplasm (Lincoff and Cogan, 1957; Green et al., 1964; Cheek et al., 1965) , but is most commonly due to aneurysms, and among cases presenting to an ophthalmologist this was the cause in 18% (Rucker, 1966) to 40%0 (Balla and Morley, 1967) .
Aneurysms other than those of the posterior communicating artery may be involved, because those arising from the infraclinoid carotid artery (Jefferson, 1938) or the basilar artery (Jefferson, 1947; Cogan and Mount, 1963) may also cause an oculomotor paralysis. After a subarachnoid haemorrhage a third nerve palsy may be a false localizing sign if there is uncal herniation (Reid and Cone, 1939) or displacement of the posterior cerebral artery (Sunderland, 1952; Hyland and Barnett, 1954) . Harris and Udvarhelyi (1957) and Raja (1972) did not find any correlation between the radiological measurements of the aneurysm and the clinical picture. Angiography only outlines the patent sac which may bear no similarity to the external shape (Bull, 1969) , but in the present series the posterior communicating aneurysm associated with a palsy tended to be multiloculated and larger on the angiogram than those which had not caused one (Figs 4 and 5) .
There have been a few descriptions of the effects of carotid ligation on aneurysm induced palsies (Jefferson, 1967; Hamilton and Falconer, 1959; Cantu, 1969; Hepler and Cantu, 1969; Raja, 1972) and brief mention of the results after direct intracranial approach to the aneurysm (Jaeger, 1950; Henderson, 1955; Harris and Udvarhelyi, 1957; Botterell et al., 1962; Johnston and Pratt-Johnson, 1963) , but in many of these cases it is impossible to correlate the site of the aneurysm with the type of treatment carried out.
Jefferson (1947) found that the palsy never recovered fully, but Jaeger (1950) stated that, even if the third nerve were seriously withered by pressure, it could still recover completely. Henderson (1955) said that the paralysis had cleared completely in 11 of 23 patients, and Botterell et al. (1962) found that, of 28 patients who had a craniotomy, eight had complete recovery of third nerve function but, of eight who had a carotid ligation, all had residual defects. Cantu (1969) found that recovery of function was better after carotid ligation than after non-surgical treatment of the aneurysm.
The average follow-up time in the present series was seven years but the eye continued to improve for only about two years after operation; only four patients (22%) who had a preoperative palsy had recovered completely. No eye returned to normal, and no patient became symptom free if there were a delay of more than 10 days before operation or if signs of recovery had not appeared within a month. This agrees with the findings of Botterell et al. (1962) who said that full recovery occurred only if craniotomy were carried out within 10 days of the onset of the palsy. Hyland and Barnett (1954) found that adherence to the sac and fibrous tissue proliferation led to irreversible damage of the nerve, so it is not surprising that most patients have permanent residual defects which are worse the longer the delay in operation.
The return of third nerve function shows a constant course. The levator palpebrae improves first and in the preoperative palsy group it had recovered fully in 11 patients. The medial rectus muscle recovers well, the inferior rectus less so, and the superior rectus and inferior oblique muscles least well, so that elevation and depression of the globe may remain permanently impaired. However, although regeneration may occur simultaneously to all muscles, the misdirection of nerve fibres to antagonistic groups may give the clinical impression of non-recovery. In addition, there are often persistent defects in the size and reactions of the pupil.
The configuration within the oculomotor nerve of all its constituent fibres is not certain (Walsh and Hoyte, 1969) but the pupilloconstrictor fibres have been found after studies in the cadaver (Sunderland and Hughes, 1946) and in animals (Kerr and Hollowell, 1964) to lie in the medial superior part of the nerve. Which point on the nerve that the aneurysm presses may have a bearing on the final pattern of recovery, and it may be that fibres to the medial rectus and levator muscles are laterally placed away from posterior communicating aneurysms which arise medially.
Recovery of the nerve may be associated with aberrant regeneration which leads to abnormali- ties in movements of the eyelids and globe and in the reactivity of the pupil (Ford and Woodhall, 1938; Bender and Fulton, 1939; Walsh and King, 1942) . The upper lid may elevate when the eye is depressed-the pseudo-Graefe sign (Bender, 1936) -and abnormal lid movements may accompany movements of the globe. A mass contraction of the extraocular muscles supplied by the third nerve leads to adduction of the eye instead of elevation (Walsh, 1957) and an Argyll Robertson reaction may occur in which the pupil constricts when the eye moves in the directions controlled by the oculomotor nerve (Ford et al., 1941) .
The reported incidence of aberrant regeneration varies greatly. Twenty of 25 patients of Hepler and Cantu (1967) , and 16 of 42 in Raja's (1972) series showed the pseudo-Graefe sign, but only two of 40 studied by Botterell et al. (1962) and one of 22 by Henderson (1955) In the present series, aberrant regeneration was found only if at least four years had elapsed after surgery. Its most common manifestation (nine patients) was adduction of the eye on attempted elevation (Fig. 6) . Only three showed the pseudo-Graefe sign (Fig. 7) and none an Argyll Robertson pupil.
CONCLUSIONS
Posterior communicating aneurysms occur four times more often in women than men and 3400 are associated with an oculomotor paralysis.
The aneurysm causing a palsy is likely to be multiloculated and larger than if not associated with one.
A posterior communicating aneurysm which has caused a palsy may give rise to up to three attacks of severe headache localized to the orbit or side of the forehead before the onset of a subarachnoid haemorrhage with coma.
Delay in seeking neurosurgical advice may allow several attacks of pain to occur. This increases the mortality risk and, if a palsy is present, decreases the chance of recovery of oculomotor function.
Third nerve function will not recover completely if the palsy was present for more than 10 days before surgery or if recovery has not started within a few weeks of operation.
Although the eye is usually not troublesome after craniotomy, the majority of patients who had a preoperative palsy have permanently restricted eye movements and pupil abnormalities.
Direct surgery on posterior communicating aneurysms damaged the third nerve in one of seven patients, but in these cases the palsy usually recovered quickly and completely.
Aberrant regeneration of the nerve is likely to occur after craniotomy in all people who had a preoperative palsy, if they have not recovered fully and if followed up for four or more years.
The commonest manifestation of aberrant regeneration is adduction of the eye on attempted elevation.
